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(57) Abstract: A method of producing passivated Ti or Ti alloy panicles with oxygen concentrations of less than about 900 parts 
per million (ppm), which includes introducing a halide vapor of Ti or the metal constituents of the alloy at sonic velocity or greater 
into a stream of liquid alkali or liquid alkaline earth metal or mixtures thereof forming a reaction zone in which the halide is reduced 
by the liquid metal present in sufficient excess of stoichiometric such that Ti or Ti alloy powder from the reduction of the halide by 
the liquid metal is friable. After filtration and distillation excess liquid metal is removed fom the Ti or Ti alloy powder that is then 
maintained at elevated temperature for a time sufficient to grow the particles to average diameters calculated from BET surface area 
measurement greater than about one micron. After cooling theTi orTi alloy powder to temperature of about 800C or less, the cooled 
Ti or Ti alloy powder is contacted with air and/or water to passivate the particles to produce friable metal powder and to remove 
other reaction products. A system for accomplishing the method is also shown. 
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DIRECT PASSIVATION OF METAL POWDER 

FIELD OF THE INVENTION 
This invention relates to tiie production of metals and alloys using the 
Armstrong Process. 

BACKGROUND OF THE INVENTION 

The present Invention relates to the production of metals and alloys using the 
general method disclosed in U.S. patent nos. 6,409,797; 5,958,106; and 5,779,761, 
ail of which are incorporated herein, and preferably a method wherein titanium or an 
alloy thereof is made by the reduction of halides in a stream of reducing metal. 
Although the method disclosed herein is applicable to any of the hereinafter 
disclosed elements or alloys thereof, the Invention will be described with respect to 
titanium and its alloys, simply because the available supply of titanium in the United 
States is now insufficient to meet the demand. Moreover, as the cost of titanium and 
its alloys Is reduced by the use of the foregoing method, the demand will Increase 
even beyond that already estimated by the aerospace companies and the 
Department of Defense. 

Titanium is a very plentiful element distributed throughout the world, but it is 
very costly because of the antiquated methods by which it Is produced. As is well 
known in the art, the Kroll and Hunter processes are the principal processes by 
which titanium is produced woridwide. Both of these processes are batch processes 
which produce in the first instance, a fused material of titanium and salt and excess 
reducing metal, magnesium for the Kroll process and sodium for the Hunter process. 
This fused material (known as sponge) then must be removed from the containers in 
which it was made, crushed and thereafter electrolytically purified in repeated steps. 

The invention hereinafter described is a refinement of the Armstrong Process 
disclosed In the above incorporated U.S. patents. 

Because titanium Is an extremely reactive metal and is produced by the 
Annstrong Process as a very fine powder, generally with average diameters in the 
0.1 to 1 micron range as calculated from BET surface area measurements, it is 
thereafter maintained at elevated temperature in order to increase the average 
particle diameter to greater than 1 micron. But, even at the large diameters, the 
powder is difficult to handle unless It has been passivated. By passivation, it is 
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meant that a small amount of oxygen is introduced to tlie powder to form titanium 
dioxide on tiie surface so tiiat tlie powder is not incendiary wiien exposed to air. Too 
much oxygen will increase the oxygen content beyond the ASTM specification for CP 
titanium grade 2 or for ASTM grade 5 titanium, that is 6/4 alloy (6% Al, 4% V by 
weight with the balance Ti). Heretofore, it was believed that the only practical way to 
passivate titanium powder was to bleed an inert gas such as argon with a very small 
percentage of oxygen for a time sufficient to increase the oxygen content on the 
surface of the powder to prevent spontaneous combustion when exposed to air. The 
times for passivation were measured in hours and was a design issue for large scale 
commercial plants based on a continuous process. 

However, it has been unexpectedly and surprisingly found that passivation of 
titanium powder and/or titanium alloy powder can be accomplished by direct 
exposure to air and/or water and/or brine under certain conditions, which not only 
decrease the passivation time but also simplifies equipment design, thereby making 
the process simpler, more efficient and less expensive. 

SUMMARY OF THE INVENTION 

Accordingly, it is a principal object of the present invention to provide a 
method of producing passivated friable metal powder without the previous 
requirements for long periods of passivation. 

Another object of the present invention is to provide a method of producing 
passivated metal powder, comprising introducing a metal halide vapor into a stream 
of liquid alkali or liquid all<aline earth metal or mixtures thereof fomiing a reaction 
zone in which the halide vapor is reduced by the liquid metal present in sufficient 
excess of stoichiometric such that the metal powder from the reduction of the halide 
vapor by the liquid metal is friable, separating at least most of the excess liquid metal 
from the reaction products, growing the metal powder until the particles forming the 
metal powder have average diameters calculated from BET surface area 
measurement greater than about one micron, cooling the metal powder, and 
contacting the cooled metal powder directly with air and/or water and/or brine to 
passivate and produce friable metal powder. 

Another object of the Invention to provide a method of producing passivated 
metal powder, comprising introducing a halide vapor of the metal into a stream of 
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liquid sodium or liquid magnesium metal fomning a reaction zone in wliicii tlie lialide 
is reduced by tlie liquid sodium or magnesium metal present in sufficient excess of 
stoichiometric such that the metal powder formed by the reduction of the halide 
vapor by the liquid sodium or magnesium metal is friable, separating reaction 
products from at least most of the excess sodium or magnesium metal, maintaining 
the metal powder at elevated temperature for a time sufficient to grow the powder 
until the particles fomiing the powder have average diameters calculated from BET 
surface area measurement greater than about one micron, cooling the metal powder 
to less than about lOCC, and contacting the cooled metal powder with air and/or 
water and/or brine to passivate and produce friable metal powder. 

Yet another object of the Invention is to provide a method of producing 
passivated Tl or Ti alloy powder with oxygen concentrations of less than about 1800 
parts per million (ppm), comprising introducing a halide vapor of Ti or the metal 
constituents of the alloy into a stream of a liquid alkali or a liquid alkaline earth metal 
or mixtures thereof fomiing a reaction zone in which the halide is reduced by the 
liquid metal present in sufficient excess of stoichiometric such that Ti or Ti alloy 
powder from the reduction of the halide by the liquid metal is friable, separating Ti or 
TI alloy powder reaction products from at least most of the excess liquid metal, 
maintaining the Ti orTi alloy powder at elevated temperature for a time sufficient to 
grow the particles fonning the Ti or Ti alloy powder to average diameters calculated 
from BET surface area measurement greater than about one micron, cooling the Ti 
or Ti alloy powder, and directly contacting the cooled Ti or Ti alloy powder with one 
or more of air and water and brine to passivate and produce friable powder while 
maintaining the oxygen concentration below about 1800 ppm. 

Still a further object of the invention is to provide a method of producing 
passivated Ti or Ti alloy particles with oxygen concentrations of less than about 900 
parts per million (ppm), comprising introducing a halide vapor of Ti or the metal 
constituents of the alloy at sonic velocity or greater into a stream of liquid alkali or 
liquid alkaline earth metal or mixtures thereof forming a reaction zone in which the 
halide is reduced by the liquid metal present in sufficient excess of stoichiometric 
such that Ti or Ti alloy powder from the reduction of the halide by the liquid metal is 
friable, separating by filtration and distillation excess liquid metal from the Ti or Ti 
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alloy powder at least in part under vacuum, maintaining the Ti or Ti alloy powder at 
elevated temperature in a vacuum or an inert atmospliere or a combination thereof 
for a time sufficient to grow the particles forming the powder to average diameters 
calculated from BET surt'ace area measurement greater than about one micron, 
cooling the Ti or Ti alloy powder to temperature of about 70°C or less, and 
contacting the cooled Ti or Ti alloy powder with air to passivate the particles while 
maintaining the oxygen concentration of the powder below about 900 ppm, and 
washing the passivated powder to produce friable metal powder and to remove other 
reaction products. 

A final object of the invention is to provide a systeni producing passivated and 
friable metal particles, comprising a storage container holding a supply of halide of 
the metal or alloys to be produced, a storage container holding a supply of reducing 
metal, pump mechanism establishing a flowing stream of liquid reducing metal, 
mechanism including nozzles for introducing halide vapor into the flowing stream of 
liquid reducing metal fonning a reaction zone and producing reaction products of 
metal powder and a halide salt, wherein the liquid metal is present in a stoichiometric 
excess sufficient to maintain the temperature of the reaction products away from the 
reaction zone below the sintering temperature of the metal powder, separation 
equipment including one or more of filtration mechanism, distillation mechanism, 
mechanism for contacting reaction products with hot and/or cold gas for heating 
and/or cooling reaction products and for separating reducing metal from the metal 
powder while growing the particles forming the metal powder to have average 
diameters calculated from BET surface area measurement greater than about one 
micron, and mechanism contacting cooled metal powder with air and/or water and/or 
brine to passivate and produce friable metal powder and to separate the salt from 
the friable metal powder. 

The invention consists of certain novel features and a combination of parts 
hereinafter fully described, illustrated in the accompanying drawings, and particularly 
pointed out in the appended claims, it being understood that various changes in the 
details may be made without departing from the spirit, or sacrificing any of the 
advantages of the present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of facilitating an understanding of the invention, there is 
Illustrated in the accompanying drawings a preferred embodiment thereof, from an 
inspection of which, when considered in connection with the following description, 
the invention, its construction and operation, and many of its advantages should be 
readily understood and appreciated. 

FIGURES 1-4 are schematic representations of various portions of the system 
and equipment used In the method herein described to produce friable passivated 
metal powder. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to the drawings, there is disclosed a system 10 from which Is 
produced friable and passivated metal powder. The metals and the alloys of which 
may be made according to the system hereinafter described are Ti, Al, Sn, Sb, Be, 
B, Ta, Zr, V, Nb, Mo, Ga, U, Re, Si or alloys thereof, all as previously disclosed in the 
above referenced and incorporated patents. The system 10 includes a sodium 
supply system 1 1 , a chloride supply system 12, a reactor 15, a distillation system 16, 
a growing system 17, a cooling system 18, a washing system 19 and a drying 
system 21. 

Although described herein with respect to chlorides and sodium reducing 
metal, it Is clear that any halide may be used and a wide variety of alkali and alkaline 
earth metals or mixtures may be used. Commercially, sodium and magnesium are 
the most common reducing metals in the reduction of, for instance, titanium. 
Calcium has been used as a reducing metal in Russia. Although the system 
hereinafter described is specific to the chloride and to sodium. It Is specifically 
intended that the invention is not so limited. 

The sodium system 11 includes a sodium source 30 such as a common rail 
car, which is in communication with a heater 31 in order to liquify the sodium. The 
sodium heating system includes filters 32 with the requisite pumps 33 necessary to 
liquify sodium in a rail car 30 for transfer to sodium storage or an intermediate tank 
35. The storage or Intermediate tank 35 is provided with an inert atmosphere such 
as argon and is connected to a sodium substorage tank 40 which is provided with a 
pressure transmitter 41. Because the sodium in sodium storage tank 35 is liquid, 



wo 2008/079115 



PCT/US2006/048828 



6 

there is a recirculation loop provided through filter 37 and a pump 38 which simply 
circulate sodium while it remains in the sodium storage tank and of course, there is 
provided the usual temperature sensors, pressure sensors and other engineering 
devices, not shown for purposes of clarity and brevity. 

As used in the drawings, PT is a pressure transmitter, PSV is a relief valve; 
PSE Is a rupture disc; PSH is a pressure switch; FT is a flow transmitter and CV is a 
flow control valve. These standard engineering sensors and controls will not be 
further described. 

The sodium supply system 11 further includes a cooling fan 42 in conjunction 
with a series of sodium transfer pumps 43 which may be electromagnetic and filters 
44 for pumping sodium from the storage tanks 35 and 40 to a sodium make-up 45 for 
loop one, and sodium make-up 46 for loop 2. 

The system 10 is configured for two reactor modules as each reactor module 
can produce 2 million pounds of titanium or titanium alloy, or other metal alloys as 
previously set out, per year, so that a 4 million pound a year plant would have two 
operational reactors 16, whereas a 40 million pound plant would have 20 operational 
reactors 15. 

As seen particularly in Figs. 1 and 3, sodium from the make-up loop 45, 46 is 
introduced via pumps 47 and cooling fan 48 into a series of filters 49 and heat 
exchanger 50 into the reactor 15. A head tank 52 for sodium is also includexl in the 
system 1 0 and is in communication with the line in both the make-up loops 45, 46. 
Finally, the sodium supply system 1 1 includes condenser drains 53 and 54 which are 
in communication with the reaction products that come out of the reactor 15, as seen 
in Fig. 3 along with a condenser 55 that is connected by a sodium condenser vapor 
header 56, a cooling fan 57 and a condensate reservoir 58. A condenser vacuum 
pump 61 and a condensate return pump 62, connected to the condensate return 63 
and/or condensate return 64 are in communication with the storage tank 35, all as 
will be hereinafter explained, to complete the Na loop. 

Referring to Fig. 2, there is disclosed the halide or chloride supply system 12 
in further detail and includes for titanium tetrachloride feedstock, a titanium 
tetrachloride day tank 70 in communication with a much larger supply of titanium 
tetrachloride, not shown. The tank 70 is In communication via a series of pumps 71 
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with a pair of titanium tetrachloride boilers 73 and 74, each of which has its own 
heater 76. As previously stated, the description herein is for a two reactor 15 
system, that is two modules as shown in the incorporated patents, therefore, there is 
as described, two boilers, one for each reactor. It is clear to one of ordinary skill in 
this art that should there be more reactors, there will be more boilers and if an alloy 
is to be produced, there will be boilers for each alloy constituent. 

For an alloy such as the most commonly used 6/4 titanium alloy consisting 
essentially of 6% aluminum and 4% percent vanadium and described as ASTM B 
265, grade 5, Ti 5 alloy, there has to be provided a vanadium chloride boiler 83 and 
a vanadium chloride boiler 84 connected by pumps 81 to a vanadium chloride day 
tank 80. Each of the vanadium chloride boilers 83 and 84 is provided with its own 
heater 86 and is connected by various piping manifolds to the reactors 15 as 
hereinafter will be set forth. Similarly, a aluminum chloride day tank 90 is provided 
and is connected by a series of valves 91 to aluminum chloride boilers 93 and 94. 
Each of the boilers 93 and 94 is provided with a heater 96 and unloading tank 97 and 
scales 98 in order to weigh the amount of aluminum chloride which is used in the . 
production of the alloy. The difference between the system for aluminum chloride 
and vanadium chloride is that aluminum chloride is a solid at room temperature and 
may be transmitted as a solid through the valves 91 from the day tank 90 to the 
boilers 93. The scales 98 are used to ensure the correct amount of aluminum 
chloride is thereafter provided to the boilers 93 and 94. As indicated, the various 
halides or chlorides of the alloy constituents are fed from the boilers via pipes, valves 
and the like to a common pipe or manifold prior to the entry into the associated 
reactor 15 with the liquid reducing metal such as, but not limited to liquid sodium or 
liquid magnesium flowing there through. 

Referring now to Figure 3. the liquid reducing metal such as sodium from the 
heater exchanger 50 is introduced Into the reactor 15 as a stream and the metal 
chloride(s) is introduced into the stream of liquid reducing metal at at least sonic 
velocity in order to prevent back-up of the liquid metal into the halide supply and 
there is produced in the reactor a reaction product of metal powder which may be an 
alloy, a salt and the excess reducing metal present. As understood, the ratio of 
excess to stoichiometric reducing metal to the amount of halide will enable the 
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Steady state reaction temperature to be maintained at prescribed values, a short 
distance downstream from the reaction zone which is produced when the vapor 
halide is injected or introduced into the stream of molten metal. The exact 
temperatures inside the reaction zone are unknown, but a few inches downstream, 
the steady state temperatures have been measured and controlled anywhere from 
about 800" C to about 300° C or less for sodium and titanium tetrachloride. The 
stoichiometric excess preferably is between 10 and 100 times that necessary to 
produce the metal powder, the greater excess of metal the lower the steady state 
temperature will be. There is an engineering trade-off between running at higher 
temperatures and using additional excess liquid reducing metal to maintain a lower 
steady state temperature, all of which is within the ordinary skill of the art. Should 
magnesium be used rather than sodium, then higher running temperatures will be 
required because of the melting temperature of magnesium. 

The reactor 15 is operated in a protective atmosphere and preferably in an 
argon atmosphere. Alternative inert gases such as helium may be used. The 
reaction products from the reactor are connected to a filter 1 1 0 which permits liquid 
reducing metal to be drawn therefrom into the head tank 52 and then back into the 
sodium supply system 11. 

The filter 1 1 0 is provided with a valve 1 1 1 and Is connected to a vacuum 
system 1 12 so that a collection pipe 115 surrounded on one side by valve 1 1 1 and 
on the other side by valve 1 14 is under vacuum and sodium draining from the 
reaction products slurry of metal powder and salt is directed through a filter (not 
shown) to a line to condenser drain 53 and hence back to the sodium supply system 
11. 

From the collection pipe 1 1 5 the material, now free of most of the sodium or 
liquid reducing metal. Is introduced into a distillation screw conveyor 120, the screw 
conveyor being provided with an outlet 125 or collection pipe and two valves 121 and 
123, so as to connect the distillation screw conveyor to a vacuum system 122 and 
insulate the distillation conveyor from the heat treatment calciner 130. as will be 
explained. 

As material is moved by the distillation conveyor 120 in the form of an auger, 
sodium drained from the distillation conveyor 120 Is conducted via a line to 
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condenser drain 54 and returned to the sodium supply 1 1 . Since the distillation 
screw conveyor 120 is connected by a header 56 to the condenser 55. cooling fan 
54 and condensate reservoir 58, the reducing metal vapor is removed in the 
distillation screw conveyor and again retumed as previously described by the pumps 
62 to the sodium supply system 1 1 . 

It is clear that the majority of the excess sodium in this system is removed 
from the product and retumed to the sodium supply system leaving only entrained 
sodium and sodium used in the production of the salt which is lost. The salt may or 
may not be split electrolyttcally to recirculate the sodium, depending on economics. 

The growing station 17 is illustrated particularly in Fig. 3 and includes a 
rotating drum calciner 130 connected to the outlet of the distillation conveyor 120 via 
the valves 121 and 123. The calciner 130 rotates, as is l^nown in the art, and 
material therein after a residence time predetermined by engineering principles is 
transmitted via an outlet 131 to the cooling and passivation system 18 which 
includes a screw conveyor having an outlet 136. The cooling conveyor 135 uses oil 
cooling as does a majority of other heat exchangers in the subject system 10 due to 
the presence of liquid sodium or liquid magnesium, both of which would be 
explosively reactive in the presence of water. Because the material in the calciner 
130 is at elevated temperature, it should be present either a protective atmosphere 
such as an inert gas, preferably argon. 

The cooling and passivation conveyor 135 reduces the temperature of the 
material therein from the temperature in the calciner 130 which preferably is 
somewhat in the excess of 700°C preferably about 750°C, down to less than 100°C 
at the outlet 136 and preferably about 80°C or less. At this point in the process, 
almost all of the sodium except for that entrained within the particles has been 
removed, and the remaining reaction products, that is a mixture of salt and metal 
powder, are conveyed to the cake silo diverter valve 139 and hence through outlets 
141 and 142 to the cake storage silo 151 and 152, as best seen in Fig. 4. The cake 
is accumulated in the storage silos until the rotary valves 153 and 154 are operated 
to send the material via a diverter 156 or 157 to a cake sluny tank 160, wherein the 
cake is formed into a slurry by means of a water supply 161 connected to the tank 
fomiing a slurry therein which is then introduced into a vacuum belt filter 170 that is 
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connected to a vacuum system 178. Water for the sluny formed in the slurry tank 
160 is provided from a supply 161 which is passed through a filter 162 and a variety 
of optional deionization columns 163 into a clean water tank 165. Clean water from 
the tank 165 flows to the cake slurry tank 160 and to the outlet portion of the vacuum 
belt filter 170. The vacuum belt filter 170 is contained within a housing 171 and has 
spray nozzles longitudinally spaced there along connected to an intermediate brine 
wash tank 167 and a concentrated brine wash tank 168 by suitable pumps 173. 
Water or brine draining through the powder on the conveyor 170 is either returned 
via a pump 174 to the appropriate tank 168 or to a brine discharge facility or system, 
not shown. As seen, powder on the conveyor belt filter170 is Initially contacted with 
brine and thereafter with water having lesser concentrations of salt until finally 
contacted with cleanr water from tank 165, which may be heated. 

The cake silos 151, 152 are at temperatures less than 100 °C preferably 80°C 
or less, and most preferably 40° - 80°C. The washed powder outlet chute 177 
connected to the vacuum belt filter 170 directs powder which has been passivated 
and washed with water and/or brine to an inerted turbo dryer 180. A fines collection 
filter press 179 is in communication with the powder conveyor housing 171 near the 
outlet chute 177 to collect fines from the conveyor 170. 

The inerted turbo dryer 180 is connected to a condenser 181, a condenser fan 
182 and condensate return pump 183 through which the moisture is removed from 
the passivated and now friable powder, the moisture being returned or disposed of 
as economics dictate. The inerted turbo dryer 180, as previously stated, is under a 
protective atmosphere such as argon or nitrogen, and therefore, an argon or nitrogen 
inlet 185 is connected to protection to the powder after passivation while it is at 
elevated temperatures. 

Finally, a product outlet 190 leads from the turbo dryer 180 to a series of 
drums 1 92 which may be stationed beneath the outlet 1 90 and filled at a rate 
according to the system design. 

Operationally, and by way of example only, without limiting the invention, the 
sodium storage tank is preferably maintained at an elevated temperature so that the 
sodium therein is liquid. The melting point of sodium is about 98°C. so that the 
sodium storage tanks 35 and 40 are maintained about lOS^C whereas the sodium 
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head tank 52 is maintained at about 125 - 300°C, preferably about 125''C. Exact 
temperatures and/or pressures hereinafter set forth are subject to engineering 
considerations so the ranges are by way of example only and are not intended to 
limit the invention. 

The titanium tetrachloride boilers 73, 74 are maintained at about 220°C 
resulting in pressures of about 500 kPa but may be at pressures up to about 800 
kPa. Both the vanadium chloride boilers 83, 84 as well as aluminum chloride boilers 
93, 94 are maintained at pressures greater than the titanium tetrachloride boilers 
because the vapors from each of the alloy constituent boilers have to be at 
pressures greater than the titanium chloride boilers so as to prevent titanium chloride 
from backing up Into the alloy constituent boilers. For Instance, if the titanium 
tetrachloride boilers 73, 74 are at 500 kPa, then the VCI4. AIC4 boilers are maintained 
at about 800 kPa. 

The reactor 15 may be operated with an inlet temperature of about 260°C 
with the outlet temperature about 1 00" C greater, or about 360°C. Higher or lower 
inlet temperatures are possible. The distillation conveyor 120 is preferably, but not 
necessarily, operated at about 538° C but may be operated from about 450°C up to 
about SSO'C depending on the vacuum value of the system, the better the vacuum 
the lower the distillation temperature can be. The calciner 130 is preferably operated 
at about 750°C for approximately 6 hours In order to grow the metal particles forming 
the powder. Again, engineering considerations are taken into account between the 
equipment size, residence time and the temperature at which the particle growth is 
maintained. Temperatures of 700° or above are practical, but again, the lower the 
temperature, the longer the residence time in order to achieve the same particle 
growth. The cooling passivation conveyor 135 preferably has an inlet temperature 
which is generally equal to the outlet temperature of the calciner 130 such as about 
750" and an outlet temperature preferably In the range of between about 40° C to 
80° C. The higher the outlet temperature the greater the oxygen pick-up of the metal 
powder, but temperatures in the range of from about 40° C to about 80° C are 
prefen-ed with 40°C providing better results than the 80°C temperature. 

The cooling and heating In the system 10 Is by means of heat transfer through 
colls in which oil is used as a heat transfer medium for safety considerations. The 
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silos 151 and 152 are generally operated at ambient temperatures in air and stay 
principally at the temperatures in which the powder is introduced from the conveyor 
1 35, that is in the range between about 40 "C and 80 °C. Washing after air 
passivation or directly without air passivation is done at ambient temperature and the 
last wash, that is water from the fresh water tank 1 65 may be warmed to facilitate 
dissolving salt and warming the powder for entry into the inerted turbo dryer 1 80. 

Generally, the powder entering the turbo dryer 180 is at a temperature in the 
range of from ambient water tap temperature to about 70 °C. 

Finally, the powder leaving the inerted turbo dryer 180 at the outlet 190 Is 
preferably at a temperature of about 60 °C at which the powder is not too reactive, it 
being understood that at higher temperatures, powder Is more reactive than at lower 
temperatures, partlculariy powder in the 1-10 micron range, which is the preferred 
particle size as determined by BET measurement after the particles forming the 
powder exit the calciner 130. As understood from the incorporated patents, metal 
particles coming out of the reactor 15 generally have average diameters in the 
range of from about 0.1 to about 1 micron as calculated from BET surface area 
measurement. However, these particles are too small for many powder metallurgy 
usages and therefore, need to be grown which is the purpose of the calciner 130. 
Although maintaining the powder at elevated temperatures causes the particles to 
grow so that some grc>wth takes place in the filter 115, the distillation conveyor 120 
and thereafter during transfer to the heat calciner 130, the majority of the particle 
growth occurs in the calciner 130, with temperatures for CP titanium or titanium 6/4 
alloy of about 750°C and a residence time of about 6 hours. The system 10, can be 
designed for various production rates and the equipment dimensions and operating 
conditions will change as will be understood by an engineer of ordinary skill in this 
art. Although argon has been indicated as the preferred inert gas, if the 
temperatures are maintained low enough, nitrogen can be used without deleteriously 
affecting the powder as well as neon or other inert gases. Although designed herein 
without blowers, the cake silos 151 and 152 may need blowers in order to circulate 
additional air to passivated the cake produced from the cooling and passivation 
conveyor 135. Moreover, passivation could take place by means of contacting the 
powder after cooling with a mixture of an inert gas and up to about 20% oxygen in 
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countercurrent relationship, but the method before described is preferred. 

It should be understood that material entering the cooling and passivation 
conveyor 135 is under a protective atmosphere from the heat treatment calciner 130 
but exits through the conveyor exit 136 at lower temperatures and with some air 
being present. An alternative method for passivation is to introduce the powder 
directly into the washing and drying system 19 rather than using first air passivation 
and thereafter washing. It is preferred to use air passivation first and then washing 
after passivation, but it may be preferable for reasons of cost and economy, 
immediately to wash after the powder comes out of the cooling passivation conveyor 
135. Although air passivation followed by washing provides a lower oxygen 
concentration, for instance 900 ppm for CP titanium, that corresponds to ASTM B265 
grade 1 titanium, whereas direct water washing (water and/or brine) without air 
passivation has provided oxygen concentrations of about 1 800 ppm. The lower 
oxygen content may not always be required, depending upon the end use of the 
powder. Therefore, either water and/or brine passivation directly or air passivation 
directly may be employed or a combination thereof, that Is air passivation followed by 
washing in which some passivation be used. 

While the invention has been particularly shown and described with reference 
to a preferred embodiment hereof, it will be understood by those skilled in the art that 
several changes in form and detail may be made without departing from the spirit 
and scope of the invention. 
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WHAT IS CLAIMED IS: 

1 . A method of producing passivated metal powder, comprising 
introducing a metal halide vapor into a stream of liquid alkali or liquid alkaline earth 
metal or mixtures thereof fonning a reaction zone in which the halide vapor is 
reduced by the liquid metal present in sufficient excess of stoichiometric such that 
the metal powder from the reduction of the halide vapor by the liquid metal is friable, 
separating at least most of the excess-liquid metal from the reaction products, 
growing the metal powder until the particles fomning the metal powder have average 
diameters calculated from BET surface area measurement greater than about one 
micron, 

cooling the metal powder, and 

contacting the cooled metal powder directly with air and/or water and/or brine 
to passivate and produce friable metal powder. 

2. The method of claim 1 , wherein the metal is one or more of Ti, Al, Sn, 
Sb, Be, B, Ta, Zr, V, Nb, Mo, Ga, U, Re, Si or alloys thereof. 

3. The method of claim 2. wherein the separation includes distillation 
under vacuum and the powder is held at elevated temperature under vacuum or 
under an inert atmosphere until the average particle size of the metal powder 
calculated from BET surface area measurement is at about one micron. 

4. The method of claim 2, wherein the separation includes contact with an 
inert gas sweep and the powder is held at elevated temperature until the average 
particle size of the metal powder calculated from BET surface area measurement is 
at least about one micron. 

5. The method of claim 2. wherein the metal powder is moving during at 
least most of the growing and cooling. 

6. The method of claim 2, wherein separation includes filtration and the 
powder is mostly moving after filtration before washing. 

7. The method of claim 1 , wherein the metal powder is washed by contact 
with brine and/or water while the metal powder is transported by a filter belt. 

8. The method of claim 1 , wherein the metal powder is partly washed by 
contact between the metal powder and differing concentrations of brine. 
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9. The method of claim 1 , wherein the reduction occurs at greater than 
atmospheric pressure. 

10. The method of claim 1 , wherein the metal powder is an alloy and the 
halide is a chloride. 

1 1 . The method of claim 7, wherein the washed metal powder is dried 
under an inert atmosphere. 

12. A method of producing passivated metal powder, comprising 
introducing a halide vapor of the metal into a stream of liquid sodium or liquid 
magnesium metal forming a reaction zone in which the chloride is reduced by the 
liquid sodium or magnesium metal present in sufficient excess of stoichiometric such 
that the metal powder formed by the reduction of the halide vapor by the liquid 
sodium or magnesium metal is friable, 

separating reaction products from at least most of the excess sodium or 
magnesium metal, 

maintaining the metal powder at elevated temperature for a time sufficient to 
grow the powder until the particles fomning the powder have average diameters 
calculated from BET surface area measurement greater than about one micron, 
cooling the metal powder to less than about 100°C, and 

contacting the cooled metal powder with air and/or water and/or brine to 
passivate and produce friable metal powder. 

1 3. The method of claim 12, wherein the metal powder is a transition metal 
or an alloy thereof. 

14. The method of claim 13, wherein the transition metal is Ti or an alloy 
thereof. 

15. The method of claim 14. wherein the reaction occurs at a pressure of 
from about one to about three atmospheres. 

16. The method of claim 12, wherein the separation of most of the liquid 
sodium or magnesium metal from the reaction products Includes filtration and/or 
distillation. 

17. The method of claim 12, wherein the metal powder is maintained at a 
temperature of not less than about 700''C for at least a portion of the growth of the 
powder particles. 
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18. The method of claim 17, wherein the powder is cooled on a conveyor 
from elevated temperature to not greater than about 80°C prior to passivation. 

1 9. The method of claim 1 8, wherein the metal powder is first passivated 
with air and thereafter washed with brine and/or water. 

20. The method of claim 1 9, wherein most of the passivation and washing 
occur while the metal powder is on a conveyor. 

21 . The method of 20, wherein at least a portion of the growth in size of the 
powder occurs in a rotatable drum. 

22. The method of claim 1 9, wherein the friable metal powder is dried in an 
inert atmosphere after washing. 

23. A method of producing passivated Ti or Ti alloy powder with oxygen 
concentrations of less than about 1800 parts per million (ppm), comprising 
introducing a hallde vapor of Ti or the metal constituents of the alloy into a stream of 
a liquid alkali or a liquid alkaline earth metal or mixtures thereof forming a reaction 
zone in which the halide is reduced by the liquid metal present in sufficient excess of 
stoichiometric such that TI or Ti alloy powder from the reduction of the hallde by the 
liquid metal Is friable, 

separating Ti or Ti alloy powder reaction products from at least most of the 
excess liquid metal, 

maintaining the Ti or Ti alloy powder at elevated temperature for a time 
sufficient to grow the particles fomning the Ti or TI alloy powder to average diameters 
calculated from BET surface area measurement greater than about one micron, 
cooling the Ti or Ti alloy powder, and 

directly contacting the cooled Ti or Ti alloy powder with one or more of air and 
water and brine to passivate and produce friable powder while maintaining the 
oxygen concentration below about 1800 ppm. 

24. The method of claim 23, wherein the water is de-ionized prior to 
washing. 

25. The method of claim 23, wherein the water is de-oxygenated prior to 
washing. 

26. The method of claim 23, wherein passivation is principally with air and 
the oxygen concentration In the passivated Ti orTI alloy Is less than about 900 ppm. 
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27. The method of claim 26, wherein passivation is followed by washing 
with brine and/or water. 

28. The method of claim 23, wherein the Ti or Ti alloy powder is held at an 
elevated temperature for a time sufficient to grow the particles forming the powder to 
average diameters calculated from BET surface area measurement in the range of 
from about 1 to about 1 0 microns. 

29. The method of claim 23, wherein the Ti or Ti alloy powder is held at an 
elevated temperature of at least about TOCC during at least most of the growing 
times. 

30. The method of claim 23. wherein the powder is cooled to temperature 
of about 80°C or less before the powder is passivated. 

31 . The method of claim 23, wherein the reaction products Include salt 
transported with the metal powder until washed. 

32. The method of claim 23, wherein the halide vapor includes a chloride, 
the liquid metal includes sodium or magnesium and the temperature of the liquid 
metal downstream from the reaction zone is about 200°C above the melting point of 
the reducing metal. 

33. The method of claim 32, wherein the method is mostly continuous. 

34. The method of claim 33, wherein the separation is at least in part by 
distillation conducted under vacuum at temperatures of less than about 550*0 when 
the reducing metal is sodium. 

35. The method of claim 33, wherein the separation is at least in part by 
passing a hot inert gas in contact with at least some of the reaction products to 
remove some of the entrained reducing metal. 

36. The method of claim 33, wherein the liquid metal is sodium. 

37. The method of claim 36, wherein the Ti metal or Ti alloy is continuously 
moving during most of the growing and cooling. 

38. The method of claim 37, wherein the liquid sodium is at a temperature 
of less than about 300°C prior to introduction of the halide vapor and the liquid 
sodium is maintained at a temperature of less than about 400 °C downstream from 
the reaction zone until separation begins. 
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39. A method of producing passivated Ti or Ti alloy particles with oxygen 
concentrations of less than about 900 parts per million (ppm), comprising 
introducing a halide vapor of Ti or the metal constituents of the alloy at sonic velocity 
or greater into a stream of liquid alkali or liquid alkaline earth metal or mixtures 
thereof forming a reaction zone in which the halide is reduced by the liquid metal 
present in sufficient excess of stoichiometric such that Ti or Ti alloy powder from the 
reduction of the halide by the liquid metal is friable, 

separating by filtration and distillation excess liquid metal from the Ti or Ti 
alloy powder at least in part under vacuum, 

maintaining the TI or TI alloy powder at elevated temperature in a vacuum or 
an inert atmosphere or a combination thereof for a time sufficient to grow the 
particles forming the powder to average diameters calculated firom BET surface area 
measurement greater than about one micron, 

cooling the Ti or Ti alloy powder to temperature of about 80°C or less, and 
contacting the cooled Ti or Ti alloy powder with air to passivate the particles while 
maintaining the oxygen concentration of the powder below about 900 ppm, and 
washing the passivated powder to produce friable metal powder and to remove other 
reaction products. 

40. The method of claim 39, wherein de-ionized and/or de-oxygenated 
water is used in washing as well as brine in varying concentrations. 

41 . The method of claim 40, wherein the liquid reducing metal is sodium 
present in the range of from about 10 to about 100 times the stoichiometric amount. 

42. The method of claim 41 , wherein the liquid sodium is at a temperature 
of less than about SOCC prior to introduction of the halide vapor and the liquid 
sodium is maintained at a temperature of less than about 400°C downstream from 
the reaction zone until separation begins. 

43. The method of claim 42, wherein the powder is heated to an elevated 
temperature at least about 700 "C under an inert atmosphere for a time sufficient 
such that the average diameters of the particles forming the powder calculate from 
BET surface area measurement is in the range of from about 1 to about 10 microns. 

44. The method of claim 43, wherein the powder is maintained in an inert 
atmosphere during most of the cooling until passivation begins. 
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45. Titanium powder produced according to the method of claim 44. 

46. Titanium alloy powder including about 6% Al and about 4% V produced 
according to the method of claim 44. 

47. A system producing passivated and friable metal particles, comprising 
a storage container holding a supply of halide of the metal or alloys to be produced, 
a storage container holding a supply of reducing metal, 

pump mechanism establishing a flowing stream of liquid reducing metal, 
mechanism including nozzles for introducing halide vapor into the flowing stream of 
liquid reducing metal forming a reaction zone and producing reaction products of. 
metal powder and a halide salt, 

wherein the liquid metal Is present in a stoichiometric excess sufficient to 
maintain the temperature of the reaction products away from the reaction zone below 
the sintering temperature of the metal powder, 

separation equipment including one or more of filtration mechanism, 
distillation mechanism, mechanism for contacting reaction products with hot and/or 
cold gas for heating and/or cooling reaction products and for separating reducing 
metal from the metal powder while growing the particles fonning the metal powder to 
have average diameters calculated from BET surface area measurement greater 
than about one micron, and 

mechanism contacting cooled metal powder with air and/or water and/or brine 
to passivate and produce friable metal powder and to separate the salt from the 
friable metal powder. 
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